Background:
During a Functional Check Flight (FCF), the pilot observed fluttered movement on the flight system hydraulic pressure indicator.
Hydraulic power is supplied by two systems 2 :
The utility system & the flight control system.
Each system is powered by a piston-type engine-driven pump. The left engine drives the utility system pump and the right engine drives the flight control system pump.
They two systems are identical in operation and provide redundancy in the event either system should fail. Tear ridges originate on the tube ID and progress towards the OD.
Fractography:
Tube 
Metallography of Fracture Origin:
Elongated grains microstructure near the fracture surface is evident in the as-etched condition (Barker's reagent).
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Stress Analysis:
Assuming a straight tube section remote from any geometrical stress concentration features the stresses associated from only internal pressure loading for a thin wall tube are given by the following relationship. The thin wall formulation assumes a uniformly distributed stress over the wall thickness and is valid only for geometric sections such that R/t > 10.
If the tube geometry is such that R/t<10 then the thick wall cylinder solution is required to accurately characterize the stress distribution over the wall thickness. The stress relationship for a thick wall cylindrical vessel configuration is provided below (σ 2 defines the hoop stress in the formulation below).
For a 3/8" tube with a wall thickness of 0.049" the ratio of the inside radius to wall thickness is 2.8 which is less than required 10 or more ratio.
The thin and thick wall peak stress result for a unit internal pressure of 1,000 psi is 2.826 and 3.401 ksi respectively. A plot of the thin and thick wall stress distribution for the unit pressure load of 1,000 psi is provided below.
Stress Analysis:
The pressure failure load for a 3/8" OD tube with a wall thickness of 0.049" is projected analytically. An elastic perfectly-plastic material response is assumed using the average of the yield (13 ksi) and ultimate (28 ksi) material allowables; (flow/yield stress = 20.5 ksi). A net section collapse is utilized as the failure criterion (no stress concentrations and thus no steep gradients present which typically justify incorporating a strain-to-failure exceedance). At 6,500 psi the flow stress almost fully consumes the tube section and analytical convergence at 7,000 psi was not possible.
Therefore it is concluded that the analytical failure pressure is between 7,000 and 6,500 psi.
6,000 psi internal pressure nonlinear stress distribution OD=3/8" Th=0.049" 6,500 psi internal pressure nonlinear stress distribution OD=3/8" Th=0.049"
Optical Emission Spectroscopy (OES):
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